Background Geriatric patients experience more adverse events owing to early complications after TKA or THA related to preexisting comorbidities. However, associations between patient and surgery variables, including age, BMI, and comorbidities with complications are unclear. Knowing these relationships is necessary for developing risk stratification, defining contraindications, and predicting complications and adverse outcomes.
Questions/purposes We wished to establish and quantify the associations among age, BMI, comorbidities, and type of surgery and anesthesia with complications and early adverse outcomes including longer length of stay, disposition to an extended care facility, readmission, and reoperation in geriatric patients undergoing TKA and THA. Patients and Methods We prospectively followed a cohort of patients older than 65 years undergoing TKA or THA. Demographics, comorbidities, complications, discharge disposition, readmission, and/or reoperation information within the 90-day postoperative period were collected. Adjusted hierarchical stepwise multivariable regression models were used to analyze associations and relative risks with complications, length of stay, disposition, readmission, and reoperation rates. Results Patients were approximately 40% more likely to have any complication per each subsequent 10 years of age. Patients who underwent bilateral TKAs were 65% more likely to have any type of complication. Patients who had epidural anesthesia were 2.6 times more likely to have a major systemic complication. Patients with coronary artery disease were more likely to have a transfusion, more likely to have major local complications, including joint infection and/or a major systemic complication, and more likely to require a reoperation after TKA. Conclusions Age, type of surgery, anesthesia, and other comorbidities, mainly coronary artery disease and chronic heart failure, were associated with complications and adverse outcomes. We believe these risk factors should be used to counsel patients and make preoperative surgical decisions. Level of Evidence Level II, prognostic study. See Guidelines for Authors for a complete description of levels of evidence.
Introduction
Degenerative joint disease is one of the most common conditions affecting the geriatric population in the United States [21, 32, 38, 43] . Total joint arthroplasty (TJA), including primary TKA and THA, are treatment options that enhance function, provide pain relief, and allow increased activities of daily living [6, 28, 37] . Unfortunately, although many patients experience these improvements after TJA, some geriatric patients experience worsening of preexisting medical conditions and overall quality of life owing to different types of postoperative complications [5, 13, 17, 22, 27, 37] . Furthermore, mortality rates in geriatric patients compared with procedure-matched patients after TJA are higher owing to postoperative complications [14, 17, 19, 29] . Most of these complications occur early during the postoperative period and are more common within 90 days after surgery [30, 34] .
Aging and some preexisting medical conditions or comorbidities have been associated with increased complications and mortality after TJA [1, 36, 40, 46, 47] ; however, a more specific quantified association that includes all the patient and surgical factors with early postoperative complications and other adverse outcomes such as longer length of stay (LOS), need for an extended care facility, readmission, and reoperation has yet to be established. We hypothesized older age, increased body mass index (BMI), and a broad array of common comorbidities in geriatric patients (older than 65 years) undergoing TKA and THA may have a specific association with higher risk of early complications and other adverse outcomes after surgery. Other adverse outcomes include increased hospital LOS, disposition to an extended care facility, and hospital readmission and/or reoperation.
Increasing volume and expenditure for TJAs in this population [7, 20] call for better identifying patients at high risk of morbidity and mortality, improving timing for these procedures, reducing risks associated with these interventions, identifying contraindications, and designing pathways for patient education, rehabilitation, and recovery. To improve the selection of patients and timing for TJAs and reduce the associated risks, it is imperative to identify which patient and surgical variables or factors play a role in the prediction of postoperative clinical outcomes. Some of these factors may be modified before surgery, reducing the overall associated risk of complications developing and other adverse outcomes in this population.
We therefore tested specific patient and surgical factors for associations with early adverse outcomes (ie, longer hospital LOS, disposition to an extended care facility, and need for hospital readmission and/or reoperation) and complications in geriatric patients after TJA. Variables tested included age, gender, BMI, comorbidities (grouped comorbidities as reflected by the Charlson Comorbidity Index (CCI) and single comorbidities), surgical procedure, and anesthesia type.
Patients and Methods
We identified a cohort of 502 patients older than 65 years who underwent 550 TKAs or THAs in a large regional health system in the northeast Ohio area from January 2008 to September 2008. These patients were identified using a query of the hospital-based Operating Room Information System and Current Procedural Terminology codes for patients scheduled for a primary THA (27130) or TKA (27447). The surgeries consisted of 304 TKAs, including 48 bilateral (BL) TKAs, and 198 THAs. There were 188 males (38%) and 314 females (63%), with average (± SD) ages of 73.5 ± 6.6 years and 73.5 ± 6.2 years, respectively. The average BMIs were 30.3 ± 4.5 and 30.5 ± 6.5, respectively. The main preoperative diagnosis was osteoarthritis (94%); other diagnoses included avascular necrosis (2.4%), rheumatoid arthritis (2.2%), gout (0.4%), combined osteoarthritis and avascular necrosis (0.4%), and psoriatic arthritis (0.2%) ( Table 1) . We obtained prior Institutional Review Board approval.
The types of anesthesia used were spinal (72%), epidural (16%), general (12%), or combined (general with epidural) (0.2%) ( Table 1) . THAs were performed with the patient in a lateral position using either a posterior or anterolateral approach. TKAs were performed with the patient under tourniquet using a medial parapatellar arthrotomy or subvastus approach. Cementless prostheses were used for the THAs and cemented prostheses were used for the TKAs. All patients received preoperative prophylactic intravenous antibiotics that were continued for less than 24 hours after surgery.
All patients received symptomatic pulmonary embolism (PE) prophylaxis following the American Academy of Orthopaedic Surgeons clinical guidelines [2] . Patients at standard and elevated risk of PE and standard risk of bleeding were prescribed enoxaparin, 40 mg subcutaneous daily (for THA) and 30 mg subcutaneous twice a day (for TKA) on postoperative Day 1 and were maintained on this chemoprophylaxis for 3 weeks. When patients received epidural anesthesia, this chemoprophylaxis was started 6 hours after the epidural catheter was removed on postoperative Day 2. Patients at standard risk of PE and at elevated risk of major bleeding were given enteric coated aspirin, 325 mg orally twice a day on postoperative Day 1 and were maintained on this chemoprophylaxis for 6 weeks. Patients receiving warfarin before surgery were restarted on this medication the night of surgery and maintained on the same regimen of enoxaparin as described above until an international normalized ratio of 2.0 to 3.0 was reached. Patients with known contraindications to anticoagulation received a vena cava filter. All patients received intraoperative and/or immediate postoperative mechanical prophylaxis until discharge. Additionally, patients were mobilized postoperatively as soon as feasible to the full extent of medical safety and comfort. Screening for deep vein thrombosis or PE postoperatively was performed only for symptomatic patients.
All patients started assisted and supervised (by a fully trained physiotherapist) physiotherapy on postoperative Day 1, which consisted of early mobilization and ROM at the bed side. On postoperative Day 2, patients were transferred to the physical therapy department and started assisted ambulation with a walker, and had assisted surgical joint ROM. On postoperative Day 3, the ambulation distance was increased as tolerated. The majority of patients were discharged on postoperative Day 3 and continued physiotherapy protocols according to the disposition place (home or extended care facility).
Of the 502 patients, 465 (94%) were followed for at least 90 days, and the remaining 37 (7.4%) did not return for a formal followup but were followed in the regional health system electronic medical record. Patients were evaluated at two times, the first at 4 to 6 weeks postoperatively and the second at 12 weeks postoperatively. At the first time, all patients received standard standing knee or hip radiographs. The 37 patients who did not complete the 90-day evaluation with an orthopaedic provider either were seen or readmitted in the regional health system that allowed for the data relevant to the current study to be collected. Data were collected using information documented in the health system-wide electronic medical record, including past outpatient visits, preoperative and postoperative outpatient visits, admission notes, inpatient notes, consultation notes, operative notes, discharge summaries, rehabilitation facilities admission notes, emergency department notes, emergency department visits, physical therapy visits, and other hospitalizations notes.
The primary patient-based predictors of interest, including age, gender, and BMI, were collected before surgery. Preoperative comorbidities and complications were collected using either an established list of existing International Classification of Diseases (ICD-9) codes of medical diagnoses (Centers for Medicaid and Medicare Services -Version 25) [9] in the electronic medical record or, if not already established in the electronic medical record, then defined based on patient history using definitions of comorbidities and complications reported in the literature [12, 34, 40] . Once all the comorbidities were defined and collected, the CCI was calculated for each patient [10, 12] . The prevalence of the comorbidities was calculated and comorbidities were divided into two groups: most and least prevalent ( Table 2 ). The complications were categorized into systemic (medical) and local (orthopaedic) and subcategorized into major or minor complications based on severity and subsequent needed interventions (Table 3 ). Complications were considered major if they required complex surgical or medical interventions or if they were deemed to pose a threat to the patient's life or result in functional impairment. Minor complications were those that necessitated additional observation or required medical treatment. This categorization, as described by Pulido et al. [34] , was used.
Information regarding surgery (hospital, surgeon, anesthesia type, and preoperative diagnosis), hospitalization (number of transfusions, LOS, discharge disposition), readmission, and/or reoperation was collected. The primary endpoints assessed were complications (total, minor systemic, major systemic, minor local, major local), LOS, disposition (home or rehabilitation/nursing facility), and readmission and reoperation rates within 90 days of the surgery. Each patient may have had none or one or more complications. The reported complications were not mutually exclusive.
We estimated that approximately 50% of our geriatric patients experience an unwanted event after surgery based on institutional data. A sample size of 500 would support a model with 25 degrees of freedom [15] . The patient sample was analyzed using descriptive statistics of the patient and surgery variables. There were no differences in age, gender, BMI, and CCI among unilateral TKA, BL TKAs, and THA groups (Table 1) .
Multiple univariable analyses were used to identify associations between patient variables (age, gender, BMI, CCI) and surgery variables (hospital, surgeon, diagnosis, anesthesia type) with each endpoint. These analyses were done separately for TKA and THA. Then, hierarchical stepwise multivariable regression models were used to separately analyze the association of each endpoint with the above-mentioned variables and comorbidities (Tables 1 and 2). A backward stepwise approach was used, eliminating any predictors with a p value greater than p = 0.10 to obtain parsimonious models. Age groups were used for the analysis, which were stratified by 10-year cohorts. The 65-to 74-year age group was used as the reference group for comparison. The strength of association between risk of complications and patient and surgery variables was calculated and reported as relative risk using a logistic or Poisson regression analysis depending on the variable type [44] . The CCI was analyzed independently from individual comorbidities. All multivariable analyses were adjusted for gender, preoperative BMI, and hospital. All statistical analyses were performed using SAS 1 Version 9.1 (SAS Institute Inc, Cary, NC, USA).
Results
The overall incidence of complications in the study cohort was 64%, and incidences of local complications and major complications were 19% and 11%, respectively (Table 3) . Twenty-nine patients were readmitted to a hospital within 90 days of the surgery (5.8%). Eighteen patients were readmitted owing to a complication related directly to the surgery (3.6%). Of those 18 patients, 16 required a reoperation (3.2%). The transfusion rate was higher (p \ 0.001) for patients having BL procedures when compared with patients having unilateral procedures. Five patients died within 90 days of surgery (mortality rate = 1%) attributable to massive myocardial infarction (n = 3), urosepsis with renal failure (n = 1), and lung cancer with bilateral pleural effusions (n = 1). Age was a predictor of early complications after TKA and THA (Table 4 ). Age was not associated with LOS, disposition, readmission, and reoperation rates. In terms of complications, patients were approximately 40% more likely to have any complication per every 10 years of life (Table 5 ). Average BMI and gender were not good predictors of any of the endpoints measured. The CCI (range, 0-8) correlated with longer LOS (Table 5 ). Additionally, CCI correlated with all systemic complications, and exceptionally well with major systemic ones ( Table 4 ). None of the variables were good predictors of disposition or readmission.
Chronic heart failure, chronic obstructive pulmonary disease, and cerebrovascular disease were the only comorbidities that correlated with longer LOS (Table 5 ). In terms of complications, only patients with chronic heart failure and coronary artery disease had an association with an increased number of these events after TJA, especially major systemic ones (Table 4 ). Additionally, patients with coronary artery disease had an association with an increased number of major local complications, including joint infection, and were 2.6 times more likely to require reoperation after TKA (Table 5 ). Moreover, patients with preoperative anemia were 69% more likely to have a minor complication after TKA ( Table 4 ). All the other comorbidities analyzed did not have an association with any of the measured adverse outcomes.
Two surgery variables had an association with complications: type of surgery (BL versus unilateral TKA) and type of anesthesia. Patients who underwent BL TKAs were 65% more likely to have any type of complication (Table 4 ). There were no differences between BL and unilateral procedures for all other measured endpoints. Patients who had spinal anesthesia after TKA were 65% less likely to have any type of complication (Table 4 ). Patients who had epidural anesthesia after TKA were 56% more likely to have a minor systemic complication and 2.6 times more likely to have a major systemic complication than patients who had spinal anesthesia (Table 4 ). 
Discussion
Finding the specific patient and surgical variables that play a role in the prediction of postoperative complications and mortality is paramount to improve TJAs for geriatric patients. Numerous studies have described these associations [13, 14, 16, 29-31, 34, 39, 40, 46] (Table 6 ). However, they were not specifically quantified, and in some cases were established using large state or federal databases that included data from low-volume hospitals, and may have missed the total accurate number of adverse events. We therefore attempted to quantify these associations in a cohort that collected adverse events in a detailed prospective manner. We specifically quantified the association of older age, increased BMI, and common comorbidities in geriatric patients undergoing TJA with early complications, increased hospital LOS, disposition to an extended care facility, and need for hospital readmission and/or reoperation. This study has some limitations. First, we had a relatively small cohort that may not represent the general population that undergoes TKAs and THAs, which may lead the quantified risk associations to a Type II error. Second, we recognize that the CCI was designed and intended for use as a predictor of mortality and not the more broad use as a predictor of morbidity. However, we chose to include it here as it is widely used and provides a useful comparison with previous studies [16, 40] .
The comprehensive documentation of any adverse events including anemia led to a higher incidence of complications than published rates [5, 13, 31, 34] ( Table 6 ). The major complication incidence rate was 11%, which is similar to published rates [4, 6, 17] (Table 6 ). The incidence of major local complications (2.4%), which is directly related to the technical aspect of the surgical intervention, was considerably lower than reported rates [4, 6, 17] . The mortality rate is similar to reported rates [13, 14, 16, 29-31, 34, 39, 40, 46] (Table 6) . Age was an important predictor of early complications. This association has been described in numerous studies [3, 14, 30, 31, 34, 39, 40] , however, it has not been quantified per each year of age and in combination with a detailed prevalence of comorbidities. This quantification may allow using this variable in risk stratification and predictive models.
The BMI was not a good predictor of any of the measured adverse outcomes or complications. Prior studies that describe the association of BMI and complications are inconclusive [11, 24, 26, 42] . Deshmukh et al. [11] and Spicer et al. [42] reported that BMI did not influence adversely the clinical outcome of TKA in the short and long-term, respectively. Miric et al. [24] , on the contrary, reported a positive association between BMI and longer LOS, disposition to a rehabilitation facility, and a risk of postoperative complications. Similarly, Namba et al. [26] reported an increased infection rate in patients with a BMI greater than 35. In the current study, the lack of association between BMI and complications may be related to limited variation of BMI in the cohort, as the majority of the patients were obese.
The CCI has been used previously as a predictor of complications and adverse outcomes [16, 40] ; however, to our knowledge, there are no studies that have used a detailed methodology to collect comorbidities and complications but have used state or federal discharge databases instead. These databases may lack proper documentation of all the comorbidities and complications, with ICD-9 codes and terminology, which in turn may be ambiguous and may lead to erroneous conclusions.
Chronic heart failure, chronic obstructive pulmonary disease, and cerebrovascular disease correlated with longer LOS. On the contrary, we found no association of specific comorbidities and discharge disposition. In terms of reoperation, patients with coronary artery disease were more likely to require reoperation within 90 days after TKA. This may be explained by the association between coronary artery disease and the number of required transfusions, coronary artery disease and joint infections, and coronary artery disease and major complications ( Table 6 ). This may be attributable to the fact that these patients had more transfusions, which increased the risk of joint infection and consequently increased the risk of reoperation [18, 33] . Patients with coronary artery disease have more transfusions to maintain hemoglobin levels that prevent tachycardia and possible myocardial ischemia [41] .
Only chronic heart failure and coronary artery disease were associated with an increased number of major complications. Huddleston et al. [16] described similar findings for patients undergoing TKA, especially for patients with chronic heart failure and chronic obstructive pulmonary disease. Parvizi et al. [29] reported 30-day mortality after elective THA. They reported an association of cardiorespiratory disease, including coronary artery disease, with complications and mortality. In contrast to other studies, history of smoking [25] , connective tissue disease (including rheumatoid arthritis) [45] , and diabetes mellitus [23] did not correlate with any complications or adverse outcomes. Finally, steroid use, history of depression, chronic pain, liver and renal disease, peripheral and cerebrovascular disease, dementia, leukemia, lymphoma, and AIDS did not have an association with adverse outcomes. The evidence in the literature in this regard is scarce and controversial [16, 31] . This may be related to the limited number of patients with these conditions undergoing TJA, which may limit the sample power to find associations. Other conditions such as hypertension and esophagogastroduodenal ulcer disease, although considered common comorbidities, once under medication control, do not seem to correlate with adverse outcomes. We believe categorization of such conditions with larger sample studies are needed to establish a better association with adverse outcomes.
Two surgery variables had association with the measured endpoints: type of surgery (BL versus unilateral TKA) and type of anesthesia. Patients who had BL TKAs were more likely to have any type of complication, especially minor systemic ones. Patients who had spinal anesthesia were less likely to have any type of complication, whereas patients who had epidural anesthesia were more likely to have a systemic complication than patients who had spinal anesthesia. These findings support those of previous studies [8, 34, 35] , where BL procedures were associated with higher postoperative complications.
Overall, age, type of surgery, type of anesthesia, and some comorbidities, especially coronary artery disease and chronic heart failure, have a major role in the prediction of complications and adverse outcomes after TJA in geriatric patients. This study provides a basis for the design of a predictive model to define contraindications and develop risk stratification for geriatric patients undergoing TKAs and THAs.
